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Pesticides/Herbicides
Nanomaterials

Perfluorinated
Chemicals

Plastics/Polymers

Polycyclic Aromatic
Hydrocarbons

Flame Retardants
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» Toxic Substances Control Act (TSCA)
» “chemicals of commerce”

Lautenburg Act for Chemical Safety

» Federal Insecticide Fungicide Rodenticide
Act (FIFRA)

Food Drug Administration (FDA)
w Drugs, medical devices
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chemicals on living organisms
» Ecotoxicology, environmental toxicology, human hea
» Factors influencing toxicity

age, sex, environment

» History: “The Dose makes the poison” -Paracelsus
- Testing methods
= Non-human animals

» Alternative testing methods (high throughput, m
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# Too many chemicals, not enough time/resources

w Estimated 80,000 chemicals registered
s Current estimates ~30,000 substances in commercial us;é;
w Expense associated with testing | \

= EPA guideline study for developmental neurotoxicity can
take 1-2 years, cost §1 million

.//

w Large numbers of chemicals, difficult to test with
traditional methods

Human Health Risk Assessment: function of hazard
identification, dose-response relationship, exposure
characterization, and risk characterization
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Long Range Transport
Arctic (grasshopper e

Landfills

Spills
(pictured, Gold
King Mine CO) i

| Application of Biosolids Wastewater Treatment
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e Part of the Office of Research & Development
v Split across multiple divisions: RTE Cincinnati, Washington
w Diverse Staff

w  Biologists, chemists, ecologists, engineers, epidemiologists,
toxicologists, & statisticians

w Guidance Documents / Work Products

w Guidance documents

» Criteria documents

»  Risk assessments

# Risk assessment methodologies

= Models
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human health and ecological risk assessment- a robust scientific p

used to determine how pollutants or other stressors may impact hua
health and the environment

s innovative risk assessment methods and tools that heip

o interacts with other agencies, the scientific community, mdu
policy-makers, and the public -

evaluation csf seientific ﬁwﬁeﬁtﬁ
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» Systematic review of existing human and animal déa
on potential health impacts :

» When sufficient data exist, development of
toxicological reviews that develop recommended
levels of exposure that do not come with increase
risk of adverse health effects

» Look at a few case example chemicals:
» Polychlorinated Biphenyls (PCBs)
» Phthalates
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209 congeners

Sold as commercial mixtures (1930-1977)
w Aroclor (US); Kanechlor {Japan); Clophen {Germany}, many other trade nam

w »800 million kg/yr produced in US alone

Persistent Organic Pollutants
w  banned by TSCA 1979

w Stockholm Convention’s Dirty Dozen 2001

Not currently in use

w PCB contamination continues through disposal of PCB-containing products a
environmental partifioning

w Many congeners have long half lives; binaccumulative/blomagnificatie

Extensive environmental contamination (ex: Great Lakes; Anniston, AL, NYCs Hudson River, etc.)
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#  General population
w Contaminated food (fish, meat, dairy, others)
inhalation of contaminated air {indoor settings; schools)

-2ng PCB/ke-d (FDA; 2003)

Greater Exposures- recreational fishers; native American/subsistence fisher

Occupational exposures

i Inhalation and dermal contact in workplaces where PCBs are present \
# Childhood Exposures 2 \

Lactational transfer through breastfeeding

Inhalation exposures in schools
Difficuities with Characterizing PCB Exposures

- Epidermiological studies use PCB serum levels, breast milk, or adipose iiﬁs
{commonly detected congeners: PCR-138, -153, and -180; PCB -28, -118

- Exposure data consisting of only a few congeners may not-accurately,
exposures to other PCBs, which may be biologically active
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» Manufacturing processes result in inadvertent production of PCBs
w Pigment production (PCB 11, 28, 52, 77, 209}
Faper recycling and colored inks

Emerging issue, bigh levels of lower chlorinated congeners ﬂbS&‘*Wé:
samples; PCB-11 specifically '

w Toxicity of PCB-11 and uptake/accumulation not well understood
- PCB-11 detected in humans
- Widespread Environmental Distribution
v Atrnospheric transport globally PCB-11

", .f '\Q
point sources and industrial/municipal waste waler I I
gt e

| A

Cl

PCB-11 may be a result of direct exposure in humans; currently being evaluated by NTP
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= PCBs have been shown to impact variety of organ systems
# The modes of action are congener-dependent
= Animal Studies evaluating PCB toxicity have observed:

» Thyroid Effects

= Neuyrological effects

» Immunological effects

» Reproductive effects

w Other organ system effects

Currently, IRIS PCE assessment (non-cancer} will consider h
ffects listed above associated with exposure to PCB mix
hey are found in the environment.,
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Exposure science

Develops tools and understanding to quantify exposure I

Humans

%
i
L&

Ecosystermns

Answers the guestions

Determining risk

How Lo reduce or prevent risk

About EPA

Are mitigation strategies successful

About the National Exposure
Research Laboratory (NERL}

What We Do

Some of NERL's work is centered around
Monitoring methods development

Exposure/dose process characterization

Dacision support tools

Predictive modeling

Tools for dacision making

Source apportionment
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Making all of those (~80,000) chemicals even more complicated.

Chemical-by-chemical assessment

TSCA and REACH do not require consideration of cumulative exposures,
when determining human health effects :

Same blataglent torger sae

Underestimate toxicity

= What happens when we look at

rent blolsglen! taiger ste %

chemicals together/jointly?

Additive, Synergistic, Antagonistic

Cumulative assessment

Sntaganisey

Smsmsnsnnsonnsnnnnn o
W H {j Cpetinion Ot #aeget site G

prertrstonarstatest

Price et al. Environmental Sciences Europe 2012, 24:26. doi:10.1186/2190-4715-24-26

RSC Adv., 2016, 6, 47844. doi: 10.1039/c6éra05406d
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RED is one of the current Chemical Safety for Sustainability (€55} proj
Research projects {e.g. C5S) extend across labs/centers |
RED group
Human and ecological exposures for prigritization

develop the data, tools, and evaluation approaches required to generate £ agm’
exposure predictions

models of human and scological exposures, identification or generation of n@w
high-throughput exposure data {e.g., chemical use or property information,
consumer product use data, and consumer product and article chemical
compositions, and ecological/biological monitoring data)

¥

////////

- development of innovative statistical techniques for evaluating exposure
predictions against available monitoring data.

e

develop the sclentific approaches from ¥

to predicted real world dm’éé,

Rapid prediction allows prioritization based upon risk of adverse outcomes
to environmental chemical expaosure
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Blomonitoring data (human biological media)
Metabolites
Blood (serum and plasma}, urine
exhaled breath, breast milk, halr, testh,
saliva, etc.

http:/ P topics/health
biomonitoring-commission/ reference- b value

Fhysiologically Sased Fharmacoiinetic (F

P origins in medicine
Time and concentration o determine doss

Extended to different exposures/ranges in an environ. setling

“PR” Based on the body compartments {mathematically

maodelad) instead of something entirely empirical
Body is arranged in a series of “compartments” set up
towards a specific tissue

W

l'l"l’-l' LRIcod

High Throughput Toxicolinetic (A

Venous: Blood
paoig jelioyly

Large number of chemicals

Tying HTTK to rapid exposures

Rest of Body

L. Body Blood
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TorCast (Taxicity Forecaster)

factor.epa.gov/ dashboard/

Over %,000 chemicals and approximately 1000 assay endpoints

sat of 3n assay Viewpoint, tiological
loaded by the

Froduct Database}

faces/home. xhtmi

ing thelr usage or function from

o
from each source are mapped omo a single common set of;

SHEDS-

1 Throughput}

hetgs:/ Ay epa.gov/chemical-rese, ation-download-and-use-sheds-software {BEE S
probabilistic models that estimate exposures people face from chemicals encountered in everyday i
activities

ol the

CompTox {{omputational Toxicoiogy) Dashboard (AKA the Chemistry Dashooard)

httgs:/ /comptox.epa.gov/ dashboard

develop innovative methods to cf

g how chemicals are currently evaluated for porenmd

Expobox (Exposure Toolbox)

httgs:/ /www. epa. 2oy /expobox

EYPONIE BIS
rejerandces, an

¥posure assessment guidance, databases, mod

is, key

RIS {Integr
ey

Risk Information Sy

hetgs:/ /www. epa. gov

jdentifying and cha:

hazards of chey
cover & gher 5

al, e A o chemicals, or a

found in the envirsoment. Each IRIS assessment carn
ture

an impartant seuree of L
national health organ

rnation used by state and {onal health L other fader

encies, and
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A program of studies designed (o assess the health and
putritional status of adults and children in the United
States

CENTERS i
CONTROL_ AN > RN

The survey is unigue in that it combines interviews and
phvsicafl examinations

Demographics, dietary information, examination data,
laboratory data, questionnaire data

&

Since 1999, ~5,000 people, once every 2 years,

100+ chemicals/metabolites

Mabile Examination Center (MEC) Diagram

[“‘%;ﬁ;"f‘ [ o e
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w  Phthalates

w Esters of phthalic acid used as plasticizers

w Qily Hquids are room temperature

# They are in a wide variety of goods

= ¥inyl flooring, tubing and pipes, tablecloths, pesticides,
food packaging, cosmetics, skin care, some medications

Phthalates get into the body by

tngestion - through food, contaminated waler

Skin - application of products on skin

inhalation {from dust}
Examples: softener for PVC pipes
Phthalates are in everyday products
- Metabolizes quickly but frequently exposed

# Exposure in utero
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Phthalatz Abbreviation Uses

Chemical Structures

phthatic acid

gisbund phthalate DEE

ditsobutyl phthalate DISP

bt benad BER
phthalate

i z-pthyihexytl DEHP
phthalate

dirsononvl phthaists TiNg

ditzogecyt shthalste OIDP

Bdtecives raal rosmetics mdustrial solvant

Achhesives, caulk, cosmmetics, indusiriad sobvent

Vinyi fooring, sdhies lants: widust
sobvert

including tubing, toyws, home
products, food cortainers, food packaging

et

plastic costing, including eook ware, pils, food
packaging
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Firjor Enstorrine Giands

Some phthalates are endocrine disruptors

Rat studies

“ohthalate syndrome™

Infertitity, decreased sperm count,

changes in reproductive organs

Phthalate mixture
Maost of this group {(DBR, DIBE, BBR DINE, DEHP) associated with the “phthalate syndrome™
How much is manufactured?

53,528 tons DEHP and 2,630 tons DBP in 2012 {Lee et al., Environment International, 2014} and
470 million pounds a year {EPA 2006}

Which have the highest toxicity of these sik phthalates?
naP

Which can the most frequent exposures?
DEHP and DINP

Mational Academy of Science 2008 document
Cumulative risk assessment

investigating mechanism of action to common adverse cutcomes

EPA phthalates action plan
Several studies have shown associations between phthalate exposures and human hoalth

Under TSCA, manufacturers and processors of DPP to notify EPA at least 90 days beforenstart]
or resurming new uses of this chermnical (DPP in BYC pipe)
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Differences by age and race

Kids {ages 6-10Q) have higher levels than adﬂimmntx {ages 16-17}

For years 2005-2008, Mexican-American children had lower tevels than White non-Hi
chitdren and Black non- Hispanic children

For years 2005-2008, Black women of child-bearing age had higher wnwnimu
other race
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Read labels

Check your products online- some NGO organizations have
developed cosmetic/product database recommendations

= More information: www.ewg.org

WG YERIRIEDSY
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Support and participate in the science
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